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Abstract 

This work presents a development of a computational model for shape 
optimization of cementless hip stems. To improve the stability of the prosthesis, 
the optimization problem consists of the minimization of the relative 
displacements on bonelstem interface. The design variables are parameters that 
characterize the geometry of selected cross sections. These variables are subject 
to geometric constraints to ensure a clinically admissible shape. The stem/bone 
set is considered a structure in equilibrium with contact condition on interface. 
The contact formulation allows us to analyze different lengths of porous coating. 
The optimization problem is solved numerically by a steepest descent method 
where the sensitivity of objective function is computed using finite differences. 
The interface stresses and relative displacement is obtained solving the contact 
problem by the finite element method. Numerical examples are presented for a 
two-dimensional model of a hip stem, however the formulation is general and 
can be applied to the three-dimensional case. The two-dimensional model gives 
good indications about the relation between shape, porous coating and interface 
relative displacement. 

1 Introduction 

In last decades, hip prosthesis design, including cementless stems, has had a 
great development based on medical expertise and biomechanics research work. 
However, some clinical problems remained unsolved. Some of these problems 
are related with the stem stability. In fact, high bonefstem relative displacement 
and high stress level on interface can originate tight pain (see e, g. Herzwurm et 
al. [l]), avoid bone ingrowth (see e. g. Keaveny and Bartel [2]) and 
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